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WIND-TUNNEL  INVESTIGATION  OF  VARIOUS  CONFIGURATIONAL 
MODIFICATIONS  OF  THE  LOW-DRAG  BOMB 

Prepared  by: 

Fred  J.  DeJteritte 

Harry  Gauzr.a  —  , 

v  •• 

\ 

RPTrnnrT  'Piilw  rerm-e  |irarf~w  the  results  an  Investigation 
In  the  NOL  40  x  4v  ca  /(eroballiatic3  (JTtain-:  No.  1  to  study  the 
static  stability  and  drag  of  the  low-drag  -omb  at  subsonic  and 
supersonio  speeds.  The  following  teats  were  n&de: 

(a)  ^tudy  of  configure clonal  charges  designed  to  * educe 
the  yaw  of  the  boab> 

(b)  J^rag  of  the  250-~-und  bomb  with  supporting  lugs  (Hk-31 
bomb )  j  f> .  J 

(c)  Stability  of  an  8-fln  bomb  with  reduced  fin  span  to 
Improve  the  ground  clearance  problea. 


U.  S.  NAVai.  ORDNANCE  LABORATORY 
WHITE  OAX,  MARYLAND 
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This  1  ■  "estimation  was  performad  at  the  request  of  the  Bureau 
of  Ordnance  (reference  (a))  under  Task  Number 

The  report  covers  recent  wind-tunnel  tests  In  the  NOL  40  x  40  cm 
Aeroba iliatlcs  Tunnel  No.  1.  Additional  work  has  been  done  In 
the  NO*  firing  range*,  the  National  Bureau  of  Standards  wind- 
tunnel.  and  the  Cornell  transonic  wind-tunnel  under  the  direction 
of  the  NOL  staff. 

Previous  NOL  roj'orts  on  the  aerodynamics  of  the  low-drag  series 
can  be  found  u  i cferenceR  (b)  through  (f). 


MELL  A.  PETERSON 
Captain,  USN 
Commander 


R.  KENNETH  LOBB 
By  direction 
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ILLUSTRATIONS 

Figure  fhotogrsrh  of  the  Fasic  Modal  (No  Fin  Sant) 

figure  '.  Fr.c  togr* :  r.  cf  rh«*  Laslc  Model  vith  2  Decree 

rln  C_nt 

figure  ihotogrsih  cf  *he  Model  vith  1.LC7  d  Fin  Span 

(Fear  fccitior.) 

Figure  Sketch  of  "ha  *-odei  wltF  1.U.7  d  and  1.CL7  d 

(Rear  Position),  Fin  -pan  (Tail  coved  aft 
0.233  inches ) 

Figure  5-  Photograph  of  the  Model  with  2.05  d  Fir  Span 

figure  t.  Sketch  cl  the  Model  with  2.C5  d  Fin  Span 

Figure  7.  Photograph  of  the  Mouel  vith  Large  Nose  Vanes 

Figure  3.  Photograph  of  the  Model  with  Snail  Nose  Vanes 

Figure  V.  Sketch  of  the  Modei  Showing  Nose  Vane3 
figure  1*.  .  Photograph  of  the  Modei  with  1.40  d  Fin  Span 
and  Chora  cf  the  2.C5  d  Fin  Span  Model 
(Large  Chord) 

Figure  11.  Sketch  cf  the  Large  Fin  Chord  Model 
figure  12.  Photograph  of  the  6  Fin  Model 

Figure  Ij.  fhotograjti  of  the  End  Flate  Model 

figure  I1*,  fhotograrh  of  the  Porous  Eox  Model 

Figure  15.  Pho togra ; h  of  the  Solid  *ox  Shroud  Model 

Figure  It.  fnotogra:h  of  the  1/2  Tip  Chora  Sollu  Lox 
Shroud  Modal 

Figure  17.  Sketch  of  the  .'olid  lox  Shroud,  1/2  Tip 
;hor.  Lox  Shroud,  Porous  Lox  ihroud, 

Fnd  Hates  and  t  Fin  Arrangement 
figure  13.  :  r.orogra:  h  of  the  Body  Alone  Model 

Figure  I?.  Photograph  cf  the  S  Fin  Model 

figure  20.  ihotograrh  of  *he  8  Fin  Mouel  with  Full 

Circular  Shroud 

Figure  21.  >  hotograt  j.  of  the  8  Fin  Model  with  1/2 

Circular  Shroud 

Figure  22.  Sketch  of  the  •  Fin  Mouel  Showing  f'ull 
and  1/2  Circular  Shrouds 

Figure  23.  Fhotograrh  of  the  250  Found  Low-Hrag  tomb 
Mouel  with  Lugs 

Figure  24.  Sketch  of  the  250  Pound  Low-Drag  B- mb  with 
Lugs 

Figure  25.  NOL  oign  Convention 

Figure  PI.  Yaw  lil story  0'  an  Actual  Low- Drag  tomb  Drop 
Figure  2/.  Yaw  History  Continued 

Figure  28.  Hotted  Coefficient  Data  (Cwf  Cg.  Cy>  cft 
thru  55.  and  vs  cf  )  for  Induced  Roll  Investigation 
Figure  5<  .  Hotted  Coefficient  Lata  (Cyj  and  Cj,  vs  lA.  ) 

and  57.  for  3  Fin  Configuration 
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c - .  t  lotted  Jopf :  i  ,‘ior.t  Data  (C*;  sr.j  0$  vs  **  ) 

;.r.j  '5.  •:cT.rsriJon  cf  *h..  .Stability  With  and 

•itnout  . uprorting  Lugs 

fi.-.  p  *0.  Ilottid  Coefficient  Lata  (Cy  vs  Mach  ho.) 

fcr  the  0:=pa risen  of  lost  With  and 
Without  Lu^s,  the  1/2  ar.d  hull  Tip 
wlrcuiar  .  hrcuu  on  the  1.0  d  Span  S  Fin 
Bc.xb 

Figure  (  1.  tarograrha  of  Cocpsriscns  of  Configuration' 
tr.ru  tj.  Tested  in  the  Induced  Holiinp  ‘Icctrt 
Sro^r-E 
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WIND  TUNNEL  INVESTIGATION  CF  VARIOUS  CONPIOURATIONAL 

modifications  cf  the  low-drao  bomb 


INTORDOCTION 

1.  This  report  describes  invest. gat. ona  carried  «ut 

a  s.'rlea  d  1-w-drug  b-,aba  of  the  U.  S.  Navy,  in  the  wind- 
tunnels  at  the  Naval  Ordnance  Laboratory.  These  bomba  have 
a  anapa  developed  by  Douglas  Aircraft.  The  four  low-drag 
boaba  of  this  series  are  the  250  pound  bomb,  Hk  81;  the 
500  pound  boab,  Kk  82;  the  1000  pound  bomb,  Kk  83;  and  the 
2000  pound  boab,  Kk  84. 

2.  The  tests  Bade  involved: 

a.  An  investigation  of  the  configurational  changes 
to  reduce  tne  induced  yawing  aoamnt  and  rolling  moment  of 
the  boab  and  laprcve  the  dynamic  characteristics. 

b.  Drag  of  the  250  oound  boab  with  suapeneion  lugs. 

c.  Invest  nation  of  the  etabllity  of  configuration 
with  fin  epan  ec/al  to  the  maximum  body  diameter. 

3.  The  low-drac  honb  with  two-degree  fin  cant  is  believed 
to  be  one  of  the  best  boa be  develops.4.  The  erratic  flight 
mentioned  in  this  report  applies  to  •  -  -y  *».  saall  percentage 
of  the  boabe  drt  ;-pad. 


Symbols 

area  1 taxi  mum)  of  the  body  (eq.  in.) 
center  of  gravity  (42.5  P*r  cent  length  from 
the  nose) 

drag  coefficient  at  xero  angle  of  attack  (Fd) 

_  ST 

drag  coefficient  (-D) 

q*  . 

normal  force  coefficient  (rN) 

aide  force  coefficient  (yy? 

QA  M 

rolling  moment  coefficient  ("£_} 

qV<f 

yawiny  moment  coefficient 

qAd 
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Cq 

J 

F.; 

P- 

M 

Mp 

q 

:ie 


pitching  moment  coefficient  ((**©)  referred  to 
C.3.  )  OT 

model  diameter  (1.4yy  In.) 
drag  (lb) 
normal  force  (lb) 
si do  force  (lb) 

model  length  (see  model  sketches) 

pitching  moment  (in/lb) 

yawing  moment  (in/lb) 

rolling  moment  (ir/ib) 

dynamic  pressure  (psi)  see  Table  1 

Reynolds  number  (baaed  on  model  length) 

(see  Table  1) 
angle  of  attack  (deg. ) 


Discussion 

4.  ir.e  3 lady  of  configurational  changes  of  the  low-drag 
bomb  was  a  result  of  recurring  indications  of  instaplilty  of 
the  bomb  during  drops. 


>.  Early  in  the  drop  tests  of  the  bombs  it  became  obvious 
that  the  bomb  was  yawing  badly.  It  appeared  probable  that  the 
pitch  frequency  and  the  roll  frequency  were  becoming  equal 
at  abqpt  one  c„cie  per  second  ar.d  that  the  bomb  waa  locking 
into  resor.ance.  Initially  the  fin  cant  waa  zero  degree  with 
i  inanufacturifg  tvlerance  of  ?  l/.j  degree.  Calculation 
shewed  that  accldeital  /in  cant  within  this  tolerance  could 
produce  sufficient  roll  to  cause  resonance.  Hence  it  was 
Voided  to  cant  the  fin r.  two  degrees  and  thus  produce  a  roll 
..rich  would  be  t.>o  large  to  result  In  resonance.  This  «  ,rnge 
.ppeared  to  euro  the  trouble  with  the  low-drag  boob3. 


u.  Several  years  later,  however,  du-ing  dive-bombing  tests, 
large  yaw  rear  pea red  in  a  few  of  the  drops.  Figures  26  and 
2.’  present  tne  yaw  history  of  a  drop  made  at  Chincoteague , 
Virginia.  The  figures  show  the  oomo  beginning  to  damp  then 
undamp  and  later  damp  again.  The  Key  to  the  problem  appears 
to  be  the  roil-ioCK-in.  The  roll  history  shows  that  the  roil 
rate  of  the  tomb  increases  from  zero  to  about  one  cycle  per 
seco;.d,  then  "locks  in"  and  the  bomb  continues  to  roll  uniformly 
While  rolling  at  this  rate  the  boob  Is  in  a  reasonance  condition 
The  yaw  . r.c reuses  until  a  large  angle  la  reached.  Wind-tunnel 
testa  at  the  National  Bureau  of  Standard.:  show  that  large  roll¬ 
ing  moments  are  present  at  large  angles  of  attack.  These  large 
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moments  cause  increase  in  roll  rate,  breaking  out  of  resonance, 
and  - n  approach  to  a  steady  state  rolling  frequency  of  7  to  1C 
cycles  per  second.  While  the  roll  rate  is  i  no  re  "*1  ns:  the  ya w 
decreases  raDidly  ar.d  the  bomb  falls  satisfactorily. 

7.  The  condition  for  roll-lock-in  1s 


L  *■  Lp  *  L  =  0 

where; 

L  -  Rolling  moment  due  to  fin  cant 
L^  -  Roll  dasiplng  moment 
L  =  Induced  rolling  moment 

wind-tunnel  teats  show  that  the  induced  rolling  moment  causes 
the  roll-ioek-in.  Possible  cures  for  roll-lock-in  appear  to 


c.  reduce  the  Induced  rolling  moment 

b.  Increase  the  fin  span 

When  roll-lock-* n  occurs,  the  low  drag  bomb  experiences  what 
la  known  as  "Catastrophic  Growth  rf‘  Yaw"  at  resonance  due  to 
yawing  moment.  To  cure  thlus 

a.  reduce  yawing  moment 

b.  Increase  fin  span 

c.  Increase  damping  moment 

d.  reduce  nutation  arm 

When  it  was  first  learned  that  the  bomb  waa  yawing  badly, 
studies  were  made  to  determine  If  the  trouble  was  resonance 
or  Mag;/ua  instability.  Calculation  of  the  damping  rate  of 
the  processional  and  nutational  arms  showed  that  the  present 
bomb  was  prooably  not  experiencing  Magnus  instability)  but  If 
the  steady  state  rolling  velocity  was  increased  by  more  fin 
cant,  Magnus  Instability  could  occur.  Therefore,  increasing 
fin  cant  In  hopes  of  preventing  "lowk-in"  did  not  appear 
feasible.  Since  the  bomb  experience?  difficulty  at  large 
angles  of  attack,  two  methods  appeared  promising  In  preventing 
the  erratic  flight.  One  method  was  to  Increase  the  fin  span 
and  chord  to  Increase  the  pitch  damping  and  the  other  method 
wae  to  Investigate  fin  shapes  which  have  low  induced  rolling 
moments  and  low  yawing  moments. 
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induced  Foil  Prog. am  and  Large  Fin  Program 


c  .  Th  e  fr.il.  w*.-  g  ■:  c. : .  f '  gu  ra  t :  or.s  wo  re  reported  In  this 

test  program.  tne:  o..;.f i guratlons  are  reported  in  references 

e  <au:d  1'. 


t t- ) 
' “I 

Idj 

\i t  i 

( *7 


a  ; 
V*) 

k*0 

U 

(m) 


(r») 


basic  lew -drag  bomb  ( r.o  fin 

cant) 

Figures  1,24 

.•  degree  f.n  cant 

Figure  2 

l.oo,  d  span  tail 

Figure  4 

2.05  d  span  tail 

Figures  5,6 

large  nose  vai.es 

Figures  7,9 

amaii  nose  var.es 

Figures  3,9 

i.tO:  d  ii  span  (tall  moved 

rearward 

Figures  3.4 

0.233  inches) 

end  plate 

Figures  13*17 

box  shroud 

t 

Figures  15. If 

i/2  box  shroud 

Figures  16, If 

porous  box  shroud 

Figures  14,17 

o  fin  model 

I 

Figures  12,17 

long  chord  11.4  d  span  and 

chord 

Figures  10,11 

of  2.0*3  d  span  model) 

body  alone 

Figure  lo 

9.  The  configurations  were  all  tested  at  a  Mach  number  of  0.91  or 
o.9b  at  a  fin  roll  orientation  cf  22.5  deg;ees.  In  addition 
seme  ccnf igurationa  were  tested  at  fin  orientations  of  zero 
degree  and  4}  degrees  and  at  Mach  numbers  of  C.SQ  and  1.57  or 
i.bS.  Figures  ui,  u2,  and  o3  show,  in  barograph  form,  a  com¬ 
parison  of  the  various  configurations,  it  should  be  pointed 
out  tnat  the  r.03e  vanes  were  placed  in  such  a  position,  due  to 
modei  construction,  that  a  loss  of  stability  resulted.  If  the 
var.es  had  been  placed  on  the  center  of  gravity  or  aft  of  the 
centsr  of  gravity  this  would  not  have  occurred,  liie  porous  box 
shroud  was  selected  as  a  configuration  because  it  was  believed 
tnat  the  solid  box  shroud  would  be  unstable  at  transonic  and 
supersonic  Mach  numbers.  However,  tne  solid  box  snroud  con¬ 
figuration  was  stable  at  the  Mach  numbers  tested.  Photographs 
and  SKetches  of  all  tne  models  are  shown  In  Figures  1  through  18. 
Figures  20  through  55  are  plots  of  normal  force,  pitching 
moment,  rolling  moment,  side  force  and  yawing  moment  versus 
angle  of  attacK. 


10.  The  effects  of  the  induced  rolling  moment  were  investi¬ 
gated  oy  free-spin  tests  at  the  National  Bureau  of  Standards 
on  a  number  of  modifications  to  the  fins  such  as  taist,  tangent, 
sweep  and  at  tne  Naval  ordnance  Laboratory  using  configurations 
whlcr,  are  altered  x~re  rua.caa*y  (ref.  fj. 
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deduced  Fir.  Span  Program 

I*.  IV?  *,  l.aa  been  some  .r. terest  ir,  reducing  the  fin  span 
uf  tne  e.:ug  bomb.  This  would  aid  the  ground  and  air- 
p’ar.e  clearance  problems.  Tests  were  made  (reference  (d)) 
of  a r.  eignt-fin  bomb  wi'h  a  fin  span  of  one  diameter.  The 
ot.  figuration  was  unstable.  Later  a r.  attempt  was  r-adc  to 
stabilize  the  configurat .on  using  one-half  and  one -diameter 
cncrd  snrouds.  Photographs  and  sketches  of  the  configurations 
are  shown  In  Figures  1-J  through  22.  The  ahreuds  stabilized 
the  bomb  at  the  supersonic  speeds  but  at  the  transonic  speeds 
the  bomb  was  still  unstable.  Figures  5 6  end  57  show  the  data 
obtained  for  these  configurations. 

Effect  of  Lugs  Program 

12.  Testa  were  made  of  the  Mk  8l  (250  pound  bomb)  with 
mounting  lugs.  The  stability  data  for  the  lug  conf lguratlon 
are  shown  in  Figures  58  and  59.  Note  that  this  lug  seems  to 
cause  a  very  alight  change  in  trim  as  would  be  expected.  The 
drag  coefficient  was  greatly  Increased  as  can  be  seen  in 
Figure  oO.  The  drag  coefficient  with  lugs  compared  favorably 
with  free-f light  drop  data  obtained  informally  from  the  Bureau 
of  Ordnance.  Photographs  and  sketches  of  this  configuration 
are  shown  in  Figures  23  and  24. 

Models,  Balances,  and  Data  Reduction 

13-  All  the  models  and  balances  were  designed  and  manufactured 
by  the  Naval  Ordnance  Laboratory.  The  models  were  manufactured 
cf  steel  and  are  shown  in  photographs  and  sketches  in  Figures 
1  through  24.  The  data  were  obtained  using  a  six-component 
strain-gage  balance  (5-16)  (see  reference  (g)). 

14.  The  data  were  recorded-  using  the  automatic  data  recording 
system  explained  in  reference  (h),  The  raw  data  Are  recorded 
into  IBM  cards  ar.d  the  data  are  then  reduced  to  coefficient 
fora  by  IBM  machines  using  the  data  reduction  equations  given 
.n  reference  (1). 

15.  Test  conditions  are  given  in  Table  1.  All  angles  of 
ittack  were  corrected  for  the  static  deflection  of  the  valance 
atlng  due  to  the  aerodynamic  loads.  An  index  of  the  plotted 
data  is  presented  in  Table  2.  The  NOL  sign  convention  is 
shown  in  Figure  25. 
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Conclusions 

I‘-  .  Figures  M,  u.' ,  and  63  s..ow  ;h«  effect  of  configuration 
'“?}***  th?  'itor.inp  nrment,  yawing  moment,  md  Induced 
;.'■*■*  *;.£  mom-nt  .1  «  .Va  n  number  of  anr  rox  its  itel  v  0.9  and 
•  icr.  number  1.,/.  fh-  configurations  with  large  increases 
n  rs'. c-rit  -  r  .arge  .-creases  in  the  inauced  rolling 

moment  and  y  -win?  mom-rat  are  configurations  which  should 
*  " T—  r*l*  -  ty  than  the  basic  1  ow  drag  boi b . 
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t:.e  low-dra*  bomb  in  the  NOL  wind  tunnels.’  Vork 


* '  *.  is  Intended  as  a  rrogress  report  on  the 

?n  l°*-'ira«r  bomb  in  the  NOL  wind  tunnels.’  Vork 
is  '•-m.r.uu^  a.*  t..e  -unuei  On  tiio  inuuoeu  roiling 

^  »«>e  by  N,L  personnel  at 

--ireau  o!  Stannards  to  stuay  the  induced  rolling 
mom-nt,  and  at  ''ornell  Aeronautical  Laboratory  to  determine 
:‘;l  ::?r‘sonl"  aerodynamics  of  tn-  existing  Lomb,  and  firings 
,b  .  made  n  the  .,OL  firing  range  to  obtain  more  inf  or - 
■u''*“n  •”*  low-drag  bomb. 
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